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ABSTRACT

A standaxd family of power sources is pxoposse® which will minimize the
mmber and variety of power sources, prevent the flooling of the supply
system with hardware that only could be used in a single application and
provide the user with a family of power sources from which he could select
one suitable to meet the needs of his equipment.

This standard family incorporates the use of standaxd output voltages
(6/12/2k volts), a standard connector vhich provides electriec interchange-
ebility and standaxd dimemsions which provide physical interchangeability.
The use of the standard family achieves a new concent in the dsploymenmt of
power sources. No longer is a single power source developsd for eash
equipment ; rather, the selection of a bhattery is based on the mission
requirement, the user selacting the most satisfactory battery for the
particular deployment of his equipment.

A list of power sources, including batteries, fual cells, thazmal
energy generators, and power supplies being developed as part of the
standard family, is included in the report.



Page
INTRODUCTEQE 1
MAIR FEATURES 1
Standard OQutput Veltage (6, 13, 2k Volts) 1
Single Connector/Receptacle Compatibility 2
Physicsl Interchangeability 2
Applicebility to sll Types of Power Sources 7
Frimexry Battevies 11
Secondary Batteries 11
Reserve Batteries 1
Metal-Air Battszies 1
Fuel Cells 15
Thargoelectric Generstor 15
Battery Chargarz and Power Supplies 15
Inverter 15
CONCLUSIONS 15
REFERENCES 19
FIGURES
1. 6 Pin Recertacle on a Battery 3
2. Commector Wiring Diagrsm N
3. Connector Used on Throwaway Battery Y
L. Type I (Manpack) Intarface Control Drawing 0
5. Type I1 (Man-Portable) Intexrface Control Drawing G
6. Hybrid (Manpack) Type I Power Source 9
7. Graph - Power Source Selection Based on Power vs
Operating Wime 10

ii1




CONTERTS

Type 1 Megnesium Perchlorete Battery with Activator
Type I Water Activetad Reserve Battery

Type I Mochanically Rechurgeable Netal-Air Batiery
Type I 60 W Hydrazine Fuel Cell

Type I 60 W Thermoelectric Generstor

Type I AC-DC Power Supply

APPRIDIX

List of Power Sources Being Doveloped, Comprising
A Standard Family

iv

13
L

17



STANDARD FPAMILY OF POWER SOURCES

IETROCTION

s e o <™ WA o M R ONEE T

: The standardization of power sources for military equipment is essen-
; tial to mininize the mmber and variety of power sources, to prevent the
Llooding of the supply system with bardware that only could be used in a
single application am! to provide the user with & family of power sources

} from which he could select one suitable to meet the nesds of his equipment.

: A progred for the standardization of porteble pover sources has been

: established at USARCOM vhich is applicable and common to all types of
batteries, fuel cells, generators and powsr supplies. This program gives
the user the flaxibility of selecting the most desirable power source for
hic needs, the ebility to interchange power sources and incorpoi.*-

edvanced power source designs without any retrofitting of his equipment.
At the same time, it eliminates the proliferstion of power sources devel-
oped for specific uses and reduces the need for separate power source
devalopment for each new equipment development.
e main features of the standard family are:
{1) The use of standaxd cutput voltages (6, 12, 24 volts).
(2) The use of & standawmd izput/cutput counector receptacle.

(3) ™e design of the standard family in selected physical
configuration or “"building blocks."

(4) The interchangesbility between power sources.

(5) The applicability of the design concept to all portable
pOWEr gources.

MATH FEATURES

Standard Qutput Voltege (6, 12, 2k Volis)

e heart of the standard family of power sources is the use of stan-
dard outpat voltages and the limiting of these to only three different
voltages. The voltages selected were 6, 12 and 24 volts dc (nominal) with

the 24 volt output being preferred to obtain compatibility with vehiculsr
pover sources.

Limiting the murher of standard voltages has been found to cause little
or no herdship to the equipment engineer as he can control his design to
accomxodnte these voltages. It is a key element in the concept of stan-
dardization tc control the variety of power sources and obtain multiple use
for each of the power sources in the family.



Single Compecior/Receptacle Compatibility

A sipgle six pin output receptecla is used on the power scurces in the
standerd fimily to attain complete interchangeadilily end provide the
proper cutput voltage. m-wuchinchonaacminﬁml.
mmmmz&.m@nmmmma. ALl ’
batteries arz coumected in ¢vo ssctiome with two sets of leeds Wtup
to the comnector. Thms, 12/2k wvolt dattaries are wired as tyo 12 wait
sections. The eguipment conpector is wired to seriss or parallel these
mbimtomidezkalzwltmm,ertommmvutMm
es an independent power source. Similarly, the 6/12 wolt battery is wired
for 6 or 12 volts.

A izportant advantage of this commector system is the preveaticn of
voltage mismstching. It can be sesn from Figue 2 that the egquipment is

m,mmmmmsmuumua-uaémmt
battery, the eguipment will see 6 volts. However, if ths § volt equiyment
is erroncously commected to a 12/2% wolt bettery comtaining two 12 volt
sections, no voltage is applied to the egcuipment and 0 hamm can be done.
The same protection spplies for & 2k volt equirment connestor plugging
into a 6 volt battery or any other mimsstching.

mrw(mmmmmuw

is uvailable in tw versions; an insxpensive plastic moldsd
nmhtwmﬁmmmmu(nma)mmw
receptacle used in storae betteries and other nower swinlias which swe
used repetitively and have long term use. Suitadble mals conmnectors and
commecting cables for 6, 12 and 2% volt equipmenis sre availsbie. Dstails
of these devices also are described in SCL-6028.

Physical Intexrchangesbility

e staniard fexily of power sources is dssigned to provide physical
interchangecbility betwaen powver sgources and equipment in order to achieve
flextbility and the mazimm uvse of each power gsomxce. This is accoaplished
by using two basic configurations, identified as Type I (mempack) and Pype

(m-wtma)mwmmmmmesmm
them configurations. The desigoations "Type I" end “Typs II" dcpict the
interface cross-section, or footprint dimension of ths powar securce and
usar equipment. ‘Se height of the power source 12 varied, dspending on
the voltage and ‘margy rating end the type of powsr sourc: mmployed.

The advantegs of these set physical dimensions i~ that all eguipmsst
designed to the stendard interfaca will mate physically and electrically
with an appropriate mezber of the stapderd femily of power scurces. Thus,
the power sources zost suitedle for a given mission can be selected rather
than one which was uniqualy designed for only one eguipmmat.

The Type 1 manpack design has a footprint dimensiocn of 4" x 12" es
shown in the intexrfece control drawing of Pigure 4. View A-2 shows the
intexrfece dimwmsions of the batiery of Tyre I pover source and view B-B
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shows the underaids of the equipment container. The power source and user
equipment are mated directly, eliminsting the use of an interconnecting
cable and providing a wstexrtight seal at the interface vhen the user equip-
»oxt is placed on top of the power source. An additional advantage

acquired from this mating procedure is the olimination of power losses by
an interconnecting cable.

The Type II design, which bas a cross-section of &-3/4" x 12", is
shown in Figure 5 and is used irc & similar maoner as txze Type I configura-
tion.

Figure 6 illustrates a hybrid mampack Type I power source and shows
the flexidbility of this approach. The asystem consists of & secondary
battery on the bottom, & silent fuel cell in the middls and a porteble
radio on top. The hybrid ccahination of fuel cell and battery provides
the lightest weight system for moderste to long term cperation of the radio
set. For remote axes patrol duty, vhers only short tezm cperation is re-
quired and vhere weight is a critical factor; the fuel cell can be elimi-
pated and the radio set car be opexrsted directly from the bdattery, or other
suitable power source without requiring any electrical, mechanical or
physical modification or adjustment.

Saveral of the power sources in the standaxd faxily, particularly the
larger fuel cells and thermoelectric gemerators, do not lend themselves to
Type I or Type II configurations. Similarly, some equipments cannot be
desigoed to these set dimensiocns. Although such equipments caonot physi-~
cally interface with the appropriste power scurcss, they can be electri-
caily compatible through use of the stendard comnector/receptacle and the
propexr cabls.

In addition, it is likely that future miniaturization of electronic
equipsent will make it desirsble to standardize on a configuration with a
smaller cross-section than Type I. This will be considered as soon as such
requirements materialize.

Applicedility to ali Types of Powexr Sources

Ideally, it would be desirable if a single battery system or power
generstor could handle all military requirements. However, as no one
systez is superior in all respects for all types of applications, it is
necessary to utilize a mmzber of different pover sources - each having
certain advantageous characteristics for a particular use. This is illus~
trated in Figure 7. The requirement of power level is plotted against
opersting time and the most effective porteble powsr source for the
different types of use ies shovn in the matrix. It is seen that special
batteries are used to best handle the short time requirements of fuzes
and migsiles. Secondary batteries are best in applicetions up to about
oue (1) hour. Conventional primary batteries and metal-air batteries are
czployed up to 20-50 hours and the thermoelectric generators and fuel
cells for long operating times.
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The geparel practice in the past has been to provide one type of power
gource for each equipsent. This has not only resulted in & prolifsration
of power sources, but gsnerally has resulted in & compromise in meeting
all of the performance requirements. With the stacdard family, there is
po longer & one-to-one relationship between power source and equipmant.
Rathsr, the user can select the power source that best meets the particular
nission ¢r use of the equipment and easily change the power source vhen the
xiasicn is charged. This “"mission~ocrientation" provides the user with the
best dattery for his particular need and reduces the mmber of types as
each power source has & multiplicity of applications.

Standaxrd family power sources are being developed in the following
systems. A listing of same of the tyyes be/ng developed and considered as
2 possible mexber of the standard femily is given in Appendix A.

Primary Batteries

The standardization of the primary battery is illustrated with the
development of the magnesium dry cell batteries BA-4520, BA-4521, BA-48LO
and the alkaline battery BA-3840. All batteries provide the 12/24 volt
selection through the standard 6 pin connector. The primary battery is
housed and structurally protected by the user equipment. (Figure 3)

Secondary Batteries

The standard family of secondary batteries are available in both Type
I and Type II configurations, in either 6, 6/12 or 12/24 volt eaabimtigna,
and in the nickel-cadmium and zinc-silver oxide electrochemical system.
The nickel-cadmiuz system is noted for its reliable long-life performance;
the zinc-silver oxide for {45 high energy density. The smaller size
batteries are available in sealed cell construction.

Reserve Batteries

The reserve batteries ars specially designed batteries, which are
usually very active, high energy systems. They are manufactured and stored
in a dry state, without water or electrolyte, as in this cordition they cen
have a long sheif life (once activated, their life is limited). Standard
family reserve batteries have been designed using the magnesium perchlorate
tattery for lov tempexature use and the water-activated zinc-air battery,
for lignt weight, higl energy density {100 watthours/lb) operation of
comsuni cation-electroaic equipmant.3

Figures 8 and 9 illustrate the Type I magnesium perchlorate battery
vith activator and watexr activated battery, respectively.

Motal-Air Batteries

The metal-air battery ie mechanically rechargeable; it is recharged
by removing the discharged anodes, pouring water into the cells and
reinserting new zinc anodes (See Figure 10). Rechsrging time is less than
10 minutes as opposed to hours for electrically rechargeable batteries.
The mechanically rechargeable battery is also noted for its high energy
dansity (80-100 watthours/lb).
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The petale-air battery has been standardized in Type I and Type II
configurations and with the standerd receptacle in 6/12 or 12/2k volt
outputs.

Fuel Cells

The fuel ecsll is a new electrochemical aystem, nearing completion of
development, with the potential of yielding over 400 watthours/pound.
Figure 11 illustrates the 50 watt-hydrazine fuel cell PP-6204 with a
hybrid storage battery in s 2k volt design vhich provides a source of
energy to start the fuel cell and handle peek pover outputs. The 60 watt
fuel cell is deaigned in the Type I configuraticn; verious size batiteries
can be en for the hydrid depending on the peak pcwer and chergy require-
ments.” Larger, higher power fuel cells using hydrar fae or bhydrocarbon
fuels, are being desigrned. Tuese units will have the standard output
receptacle.

Thermoslectric Generator

The thermoelectric gonerator is the one silext pover source now
available for forward aret field use that is capable of using all types of
conventional liquid ydrocarbon fuels that are available in the field.
Figure 12 illustrates PP-5335, a 60 wett unit in the Type I configuration.
10 A, 20 A and 30 A unite {2k V) ore also being designed with the standard
output regcpta.cle. They can be used dboth as power sources or as battery
chargers.

Battery Cuargers and Power Suppliies

Battery chargers and AC-DC power supplies have been designed to charge
6 - 24 volt batteries and to power equirments requiring either 12 - 16, or
24k - 32 volts DC. All battery chargers and power supplies under development
requiring AC input voltages have been standardized to operate from 112/230 V
and 50/60/500 Hz. High curremt power supplies from 25 A and above have
been designed to be vehicle and rack mounted. Lower current power supplies
are designed for vehicle mounting and for Type I or Type II configurations.
An exsaple of & Type I AC~-DC power supply is shown in Flgure 13.

Inverter

Sixty and 400 Hr static sine wave inverters heve algo been designed
in the Type I and Type II standard configurations. The output characteris-
ties of these inverters are regulated to provide an output voltage of

120 V AC il$ at desired frequency 1-_5%. The iMer is designed to operate
from any of the batteries in the standard family.

CONCLUSICONS
A standard family of power sources has been developed which offers the

user a wide choice of power sources sc he can select one most suitable to
his mission. At the same time, this stapdard family by its use of a limited
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mmber of output voltages, & standard connector/receptacle and other
Teatures enhancing interchangeebility, sigoificantly reduces the number of
Pover gources required to support forverd area applications, thereby
simplifying logistics and reducing cost and developnent losd time,
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